Abstract
Introduction

42
The last interglacial has been characterised as 'deserted Britain' (Ashton and Lewis, 2002) , with no evidence 43 of significant hominin occupation even after exhaustive review of multiple sequences (Lewis et al., 2011) . rise is important to understand the size of the 'window of opportunity' available for hominin migration.
54
To constrain the rate of sea level rise at the start of the last interglacial, sedimentary sequences in the Channel 55 region need to be investigated to complement the more northerly Dutch sequence (Long et al., 2015) . Gravel. The stratigraphy of these lower terraces was not, however, fully defined in this scheme. Hatch (2013, 129 et al., submitted), on the basis of detailed borehole analysis, confirmed that the Pennington Gravel was a 130 separate deposit, and correlated the Lepe gravels with the Milford on Sea Gravel.
131
Materials and Methods
132
Sections through the deposits were exposed using a combination of mechanically-cleared sections ( from Unit 2), the nature of Unit 3 (thin section analyses) and salinity (isotopic analyses on ostracods).
143
Thin section analysis was undertaken on two samples from Unit 3 from Section 1 and Test pit 6a ( Figure 2 ).
144
Intact block samples were taken for thin section production. Thin sections were prepared using the methods 145 outlined in van der Meer (1993). The thin sections were photographically recorded and features observed 146 under a low power microscope.
148
Pollen samples were analysed from eight levels within Borehole 16 (previously reported in Briant et al., 149 2009) and an additional sample from Unit 3 in March 2016, which proved to be barren. These were prepared 150 using the standard hydrofluoric acid technique and counted for pollen using a high-power stereo microscope.
151
Pollen preservation was relatively good, although some samples showed evidence of post-depositional 152 oxidation. Main sums varied between 105 and 291, and pollen concentrations varied widely between 23412 153 and 258966 grains per ml. It should be noted that for statistically reliable data, pollen sums of at least 300 are 154 generally recommended. These counts rarely reach these levels, and care must therefore be taken during 155 interpretation.
157
Plant macrofossils were analysed from four samples from BH16 Table 2 ). They ranged in size from 100ml
158
(740-746 and 750-755cm) to only 50 ml (761-768 and 772-777 cm). The sediment samples were soaked in 159 water and then wet sieved through a nest of sieves (down to a 150 µm mesh size). Macroscopic plant remains 160 were then picked from the resulting residues.
161
Molluscan analysis was undertaken on 7 samples from test pits 4d and 6a by Professor David H. Keen (Table   162 3). Samples from Borehole 16 (drilled in September 2005) were not completed because of his death, although 163 a brief scan of the samples was undertaken by Dr R.C. Preece, as discussed below. The samples were washed 164 through sieves to 500µm aperture, dried and sorted under a 10-60x binocular microscope. Counting 165 conventions follow Sparks (1961) in which each gastropod apex is recorded as a single individual, and each 166 bivalve hinge line as half an individual. Taxonomic nomenclature follows the usage of Seaward (1990) .
167
Coleopteran analysis was undertaken on 13 samples from test pits 4b, 4d, 6a, 6b and 7, borehole 16 and a 168 small test sample collected in 1974 from the organic deposit exposed on the foreshore about three metres to (Table 7) .
242
Environmental dose rates for the Unit 5 ages were calculated on the basis of Inductively-Coupled Plasma
243
Mass Spectometry (ICP-MS). Radioisotope concentrations were converted to dose rates using the conversion 244 factors of Adamiec and Aitken (1998) and grain-size attenuation factors of Mejdahl (1979 Table 1 335 compares this deposit in 2010 with descriptions by Reynolds (1985) and Parks (1990) , both of whom 336 described the cliffs before the brickearth was disturbed by construction on top of the cliff (Reynolds, 1985) .
337
They described a two part deposit, with a discontinuous lower brickearth up to 40 cm thick separated from an 338 upper brickearth up to 80 cm thick by a line of flints. Both these deposits showed evidence of soil 339 development with the palaeosol separating the two units perhaps representing an interglacial soil (Reynolds, 340 1987 ). There is currently no evidence for palaeosol development within Unit 5, suggesting that the sequence 341 that is currently exposed is likely to be truncated compared to what was exposed in the 1980's. there is evidence of only two tree taxa. Betula probably grew in the drier areas surrounding the site, while
384
Alnus glutinosa was present where conditions were damp.
386
In contrast, aquatic taxa are not well represented in the assemblages, but do give some indication of salinity.
387
The floating aquatic Hydrocharis morsus-ranae requires still, fresh-water conditions and is present in the two 388 lower samples from Units 2b and 2c. However, the samples from Unit 2d yielded one fruit of Ruppia and
389
Scirpus maritimus which both suggest a degree of salinity at the time of deposition. Zannichellia palustris 390 also occurs in Unit 2d. This is a species that lives in fresh-water but can also tolerate a degree of salinity. It is 391 unlikely that the fresh-water and brackish components of the assemblages inhabited the site at the same time, The Unit 2b assemblage from sample BH16 7.74 -7.79 m (Table 4) here because it represents a specific morphotype that has biostratigraphic significance.
482
Forty-four coleopteran species from all the samples from Unit 2d ( The 18O value of ostracod shells is determined by water isotope composition and water temperature.
571
Ostracod shells are generally offset from isotopic equilibrium: for C. torosa, the magnitude of the offset is either soil formation or burrowing by sand wasps or bees (Sphecidae) (see Table 1 ). The very young ages 659 suggest incorporation of almost zero-age material. Although care was taken during sampling to avoid fresh 660 burrows, it is possible that older burrows will have collapsed and therefore have incorporated very recently 661 bleached material into the samples. Bee bioturbation may have also caused older material to be incorporated 662 from the underlying gravel. This evidence further suggests that previous TL ages from this unit should be disregarded, as these were produced using a multiple aliquot protocol which produced a single age estimate from results from multiple aliquots that does not allow scatter to be determined. Given the scatter between aliquots observed here, the previous TL dates are even less likely to reflect a true age estimate.
666
These difficulties mean that it is hard to assign an age to Unit 5. However, on the basis of the clustering of 667
De's around 100 Gy in X4103 and (to a lesser extent) X4105, it seems likely that it either dates from or 668 postdates MIS 4-3. This strengthens the single age estimate previously reported from Unit 4 and thus the 669 suggestion that the interglacial deposits date from MIS 5e.
670
Because the OSL dating was unable to provide an age estimate for the interglacial silts directly, we sought an 671 alternative method to provide such an age estimate, as part of the process of seeking to reconstruct the full 672 record of sea level at this location. As discussed above, multiple fossil groups show evidence for freshwater 673 influence from Units 2b and 2c. Therefore when Bithynia tentaculata opercula were found from a sample 674 within Unit 2c, it seemed likely that this was also part of the evidence for freshwater influence in this part of 675 the sequence, even if not directly in situ. (As discussed below, it seems likely that none of the freshwater 676 fossils represent individuals that were living at this exact location, since they are a minority of the assemblage 677 in every case). As such, it seemed likely that these opercula could provide a robust age for the base of this 678 sequence. Even if they had been reworked from earlier deposits, they would provide a maximum age estimate 679 for comparison with OSL age estimates. 
712
Paracumus aeneus and Hydrous caraboides.
714
As discussed above, the dating is not conclusive from this sequence and the AAR and OSL conflict.
715
However, the balance of probability is that the most likely age for this sequence is the Ipswichian (last) 716 interglacial, particularly given the biostratigraphic evidence above. Treating the age estimate from AAR 717 analyses (penultimate interglacial) as a maximum also suggests that the sequence is relatively young.
718
Freshwater species such as the opercula used for AAR analysis are likely to have been transported into the 719 sequence from upstream, but this result suggests that there was also scouring of previously deposited material 720 during transgression. It might also indicate an erosional discontinuity within the interglacial sequence that is 
